Background. Influenza causes millions of illnesses annually; certain groups are at higher risk for complications. Early antiviral treatment can reduce the risk of complications and is recommended for outpatients at increased risk. We describe antiviral prescribing among high-risk outpatients for 5 influenza seasons and explore factors that may influence prescribing.
Influenza is an important cause of morbidity and mortality in the United States [1] , with annual seasonal influenza epidemics accounting for a substantial proportion of medically attended outpatient visits each year [2, 3] . Annual influenza vaccination is recommended for everyone aged ≥6 months and is the primary strategy for influenza prevention. The recommended pharmacologic treatment for influenza is a class of antiviral medications called neuraminidase inhibitors (NAIs) [4] . Metaanalyses of randomized controlled trials have found that patients treated with NAIs had fewer subsequent lower respiratory tract infections that required antibiotics [5, 6] and hospital admissions [5] compared with those treated with placebo.
NAIs include oral oseltamivir, inhaled zanamivir, and intravenous peramivir. Administration is recommended as early as possible for any patient with laboratory-confirmed or suspected influenza who is hospitalized; has severe, complicated, or progressive illness; or is at higher risk for influenza-associated complications [4] . However, previous studies suggest that antiviral prescribing in the outpatient setting is low [3, [7] [8] [9] [10] .
Using an existing study platform, we aimed to (1) describe practices in outpatient antiviral prescribing over 5 influenza seasons, and (2) explore factors associated with prescribing among high-risk outpatients, including timing of presentation to care, symptoms at presentation, and influenza activity throughout the season. In addition, we explored a scenario where all highrisk outpatients with an acute respiratory illness (ARI) were empirically given an antiviral prescription during the influenza season and estimated how many ARI patients a provider would need to empirically treat (number needed to treat [NNT] ) to treat 1 patient with laboratory-confirmed influenza.
METHODS
Adults and children seeking care from an outpatient provider for an ARI with cough within 7 days of illness onset were enrolled at 5 geographically diverse research sites, comprising >60 outpatient practices participating in the US Influenza Vaccine Effectiveness (Flu VE) Network during 5 influenza seasons (2011-2012 through 2015-2016) . Four sites contributed data during all 5 seasons; 1 site (C) began contributing data during the 2012-2013 season. We obtained clinical information from enrollment interviews and electronic medical record extraction. All enrolled patients were tested for influenza with real-time reverse-transcription polymerase chain reaction (rRT-PCR) for research purposes. At 1 site (B), the clinician was notified of a positive rRT-PCR research test result within 24-48 hours of enrollment. Providers at the other 4 sites received aggregated laboratory results at varying intervals. Data on influenza testing for clinical purposes were inconsistently collected and not analyzed for this study.
High-Risk Status
Patients were considered at high risk for influenza-associated complications if they were aged <2 years or ≥65 years, were pregnant, or had evidence of specific chronic underlying health conditions per the Advisory Committee on Immunization Practices guidelines for antiviral treatment [4] . The presence of a high-risk health condition was ascertained by extraction of electronic diagnosis codes for the 12 months prior to enrollment. High-risk codes were defined using International ) or who reported being Native American, Alaska Native, or Native Hawaiian were also considered as high risk [4] . BMI was calculated using height and weight measurements obtained from the medical record.
Antiviral Prescription and Timing of Influenza Season
We examined medical and pharmacy records to determine whether an NAI was prescribed or dispensed within 7 days after enrollment. If a patient was either prescribed or dispensed an NAI, he or she was considered to have been prescribed an antiviral. We identified the timing of the influenza season by plotting the percentage of all research-protocol rRT-PCR tests that were positive for influenza each week. We descriptively compared seasonal trends in influenza-positive test results to antiviral prescribing among high-risk outpatients who were influenza positive and presented early by epidemiologic week during each influenza season. We defined the peak of the season as the week with the highest proportion of outpatients testing positive for influenza. "Early" presentation to care was defined as ≤2 days between symptom onset and date of outpatient enrollment, which is the time frame in which antivirals are the most effective [11] [12] [13] .
Illness Onset and Symptoms
Illness onset date and limited symptom information were obtained through the enrollment interview. Most sites during most seasons collected either a measured temperature during the enrollment visit or documented self-report of fever or feverishness since illness onset. A patient was considered to have a fever if they either reported feeling feverish during the course of the illness or had a measured temperature at enrollment of ≥37.8°C (≥100°F). Because clinicians may use the syndrome of influenza-like illness (ie, cough plus fever or fever plus sore throat) to make decisions about prescribing, we explored the association of fever and cough with laboratory-confirmed influenza and antiviral use.
Number Needed to Empirically Treat
NNT generally refers to the average number of patients who need to be treated to prevent 1 additional adverse outcome [14] . We applied this concept to estimate the number of high-risk outpatients who present with ARI within 2 days of symptom onset that a provider would need to empirically treat with an NAI to administer effective therapy to 1 patient with laboratory-confirmed influenza. We divided the percentage of high-risk patients who presented early with PCR-confirmed influenza by 100 to find the NNT (NNT = percentage positive / 100). As the NNT decreases, the efficiency of empiric treatment increases. We stratified this analysis by fever status and season.
Statistical Analysis
Comparisons of categorical data were analyzed using a χ 2 test.
Logistic regression was used to develop a model with predictors of receipt of antiviral medications. Variables in the model included age group, sex, race, site, season, presence of a high-risk medical condition, timing of presentation to care relative to symptom onset, presence of fever, and influenza test results. We selected variables based on scientific plausibility and used an Akaike information criterion to evaluate model selection [15] . All data were analyzed using SAS version 9.3 software (SAS Institute, Cary, North Carolina).
RESULTS

Influenza Antiviral Prescriptions and Timing of Presentation to Care
During 5 influenza seasons, we enrolled 15 972 high-risk outpatients (Table 1) seeking care for an ARI, of whom 3196 (20%) had laboratory-confirmed influenza (Table 2) . Forty percent (1292/3196) of high-risk outpatients with laboratory-confirmed influenza presented to care early; 37% (472/1292) of these patients received a prescription for an antiviral medication ( Figure 1 ). Older adults with influenza were the least likely to present within 2 days (38%) compared to all other age groups (P < .01) and the most likely to present >4 days after symptom onset (26%; P < .01). There was no significant difference in timing of presentation to care across the 5 seasons (P = .15). Trends in antiviral prescribing roughly followed trends in seasonal influenza activity (Figure 2 ), although increases in antiviral prescribing lagged behind the season onset and declined before the end of the season in some years. Other than the first season these data were collected (2011-2012), we did not identify any change in antiviral prescriptions from 2012-2013 to 2015-2016 ( Figure 3 ).
Factors Associated With Influenza Positivity and Antiviral Use
Across 5 seasons, laboratory-confirmed influenza accounted for 20% (3196/15 972) of outpatient visits by high-risk patients for ; those with documentation of chronic underlying health condition(s) that increase the risk of influenza-associated complications; and Native Americans, Alaska Natives, and Native Hawaiians. **Early presentation to care was defined as ≤2 days between symptom onset and date of outpatient enrollment. †Late presentation to care was defined as >2 days between symptom onset and date of outpatient enrollment.
Figure 2.
Seasonal trends in laboratory-confirmed influenza and influenza antiviral prescribing among high-risk outpatients with laboratory-confirmed influenza who presented to care ≤2 days from symptom onset. Patients at high risk for influenza-associated complications are those aged <2 years or ≥65 years; pregnant women; those with extreme obesity (body mass index ≥40 kg/m 2 ); those with documentation of chronic underlying health condition(s) that increase the risk of influenza-associated complications; and Native Americans, Alaska Natives, and Native Hawaiians. more likely to be prescribed antiviral treatment; among patients who presented early with a cough and fever, 21% (577/2801) received an antiviral prescription vs 7% of those who presented early with a cough but no fever (132/1935) (P < .01; Table 1 ).
In a multivariable logistic regression model, adjusted for research site, several factors were associated with receipt of an antiviral prescription among outpatients with ARI, including early presentation to care (odds ratio Table 1 ).
Number Needed to Empirically Treat
To treat 1 outpatient with a laboratory-confirmed influenza infection among all high-risk patients who presented early in all 5 seasons, a provider needed to empirically treat 3.8 patients, 2.8 patients who presented with a cough and fever, and 6.7 patients who presented with a cough but no fever. NNT also varied by season (Figure 4 ). Empiric treatment was most efficient during 2012-2013 and 2014-2015, when 1 in 3 patients with an ARI and almost 1 in 2 patients with an ARI and fever had influenza. At the season peak when combining all years of data, a provider needed to empirically treat 1.9 high-risk patients with cough and fever and 4.3 patients with cough but no fever to treat 1 outpatient with laboratory-confirmed influenza (data not shown).
DISCUSSION
In 5 recent influenza seasons, influenza antiviral treatment was infrequently prescribed in the outpatient settings involved with the US Flu VE Network. Among study rRT-PCR-confirmed influenza-positive high-risk outpatients who presented early to care, a group highly likely to benefit from outpatient antiviral treatment, 37% of patients received a prescription for an antiviral medication. Although early presentation to care was associated with receipt of an antiviral prescription, less than half (40%) of high-risk outpatients with laboratory-confirmed influenza presented to care within 2 days of symptom onset.
Many viruses can cause an ARI [16] , which may partially explain why providers are hesitant to treat for influenza among patients with ARI-associated symptoms. Also, sensitive diagnostic assays, such as those based on nucleic acid detection, are expensive and infrequently used in outpatient settings. The US Flu VE Network used a broad and sensitive definition for enrollment of patients with ARI, which allowed for inclusion of patients with influenza virus infection who did not meet the definition of influenza-like illness (ie, cough plus fever or fever plus sore throat) often used in surveillance and sometimes applied to clinical care. High-risk outpatients with a cough and fever were more likely to have rRT-PCR-confirmed influenza than those without a fever. In most seasons, empiric antiviral prescriptions for all high-risk outpatients presenting with a cough and fever appeared to be the most efficient method to assure early treatment of patients with influenza. However, targeting only patients with cough and fever would miss 25% of high-risk outpatients with laboratory-confirmed influenza. To address this issue, we introduced a new application of the NNT concept. While NNT usually refers to the number of patients a provider would need to treat in order to prevent 1 illness, here we presented a method to determine the number of patients requiring empiric treatment during the influenza season in order to treat 1 patient with laboratory-confirmed influenza. This method may help providers make treatment decisions when timely sensitive diagnostic assays are not available and empiric treatment decisions must be made. While NNT is higher (and therefore less efficient) among highrisk patients without a fever than those with a fever, it is lower in both groups at the peak of the influenza season, a finding that may help guide treatment decisions, especially when weighing the risks, benefits, and cost of treatment [4, 17] . Additionally, during seasons with higher influenza attack rates, empirically treating all ARI patients throughout the season, regardless of fever, was also relatively efficient. In addition to local resources, providers can track influenza activity on the Centers for Disease Control and Prevention's (CDC) influenza website, FLUVIEW, which provides weekly updates of national influenza surveillance data (https://www.cdc.gov/flu/weekly/index.htm).
In our study, timing of presentation to care had a significant impact on antiviral prescribing. This finding is consistent with results from other studies [3, 9, 10, 18, 19] . Unfortunately, many high-risk patients delay presenting to care, which reduces the opportunity for optimal NAI treatment. This finding provides an area for intervention that could improve patient care and potentially decrease morbidity from influenza. Providers should encourage high-risk patients to seek care early for a respiratory illness during the influenza season and consider additional measures to provide timely antiviral prescriptions for high-risk patients, such as providing phone consultations or remote electronic visits [20] . Previous studies have highlighted the underuse of influenza antiviral medications; other studies from the US Flu VE Network have shown low antiviral prescribing among all outpatients during the 2012-2013 season [10] and low prescribing among high-risk patients who presented early in their illness during the 2013-2014 season [9] . Another study using patient self-report described a low rate of antiviral prescriptions (34%) among adult patients who reported an influenza diagnosis during the first postpandemic season of 2010-2011 [8] . Our study adds to the growing body of evidence demonstrating low antiviral use nationwide, even among high-risk outpatients with laboratory-confirmed influenza who could potentially benefit most from treatment. Unlike previous studies, our study extracted data from multiple influenza seasons from >60 outpatient practices and allowed us to examine changes in antiviral prescribing practices over several years. The lack of any consistent increase in antiviral prescribing despite consistent guidance [17, 21] on the topic is concerning, suggesting that a need for both a deeper understanding of the barriers to prescribing and new approaches for both patients and clinicians.
Our study prospectively enrolled thousands of outpatients over multiple influenza seasons, tested all patients for influenza with a sensitive assay, and confirmed high-risk status and prescribing practices through medical record review. However, our conclusions are still subject to limitations. The study sites have been involved in influenza-related research for multiple years, are large managed care or academic organizations, and care for populations in which a majority of patients have insurance, thereby potentially limiting the generalizability of our results to other US outpatient practices. We did not consistently capture symptoms beyond cough and fever, nor did we have consistent data on influenza testing ordered for clinical purposes or other factors, such as disease severity illness progression, or severity of underlying conditions, all of which may have influenced clinical decisions.
In conclusion, in this large prospective study performed over multiple seasons, influenza antiviral medications were infrequently prescribed to high-risk patients with laboratory-confirmed influenza who presented within 2 days of symptom onset. Further work is warranted to understand additional factors that influence outpatient antiviral prescribing and to educate providers about the benefits of appropriate treatment for high-risk patients. CDC recommends that treatment with antivirals be given as early as possible to high-risk outpatients with suspected or confirmed influenza; in practice, this usually means initiating empiric treatment before or without the results of sensitive diagnostic testing. Strategies to improve the timeliness of care-seeking among high-risk patients could make a substantial impact on optimal antiviral use, as could reminders to providers about local influenza activity and the varied presentations of influenza.
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